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WEIXBORE CASING 
Cross Reference To Related Applications 

This application claims the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 

This invention relate* general^ to weUbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a weUbore is created, a number of casings ate 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
tmdcslred outflow of 6Mlmg fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed ma lower borehoto interval is lowei^ 
installed casing of an upper borehole mtervaL As a consequence of this procedure 
10 the casing of the lower interval is of amaUardiameter than the caaiigaftbeup^ 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the cadngs and the b^ 

walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the weflbore. Such a large borehole 
diameter involves increased costs due to heavy ceuxog bandog 
drill bits and increased volumes erf drillmg fluid and drill cuttings. Moreover, 
increaaed drilling rig time is involved due to required cement pumping, cement 
hardening, required equina 
20 drilled in the course of the well, and the large volume of cuttdngs drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weUbore. 

26 Summary of the Invention 

According to one aspect of the preaent invention, a roethod of forming a 
weflbore casing is provided ^ 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the l i*^ in the borehole by extruding the liner off of the mandreL 

Acoording to another aspect of the present invention, a method o f forming 
a waUbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already era A tabular liner and a mandrel are 

then placed into the new section of the borehole Wiethe tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tubular Bner and the new se ct i on of the borehole. 
The annular regtonbetween the tubular finer and the new section of the borehole 
10 is then fluididy isolated from an interior region of the tubular liner below the 
mandreL A nan hardenable fluidic material is then injected into the interior 
region of thetubulartinerbelowthemandreL The tubular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
easing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the flu idic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandreL a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The shro is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operabry coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includ e s a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid pasaa^ a second fhnd passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandi^ is coupled to tto support m The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior legion of the tabular member. 

According to another aspect of the present invention, a method of jauri ng 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, la provided that includes position inga mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pwarorixed and the second t 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
16 at an end portkmofthe annular member, and one or more presmirerehef passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a weUbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidk 
sealing materiaL Th* tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
lining an existing widlbo^ 

annular body of cured flmdir RPnlingmnterial The tubular liner is formed by the 
process of extruding the tubular finer off of a mandreL The annular body of a 

25 cured fluidlc sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. Thesupport member inchnto a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operabry coupled to the first fluid passage, an interior 
portion, and an exterior portion The interior portion of the mandrel is drfflable. 
The tubnlar member^ Tbeshoeisconpledtothetabn^ 
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member. The shoe includes e third fluid passage opersthiy coupled to the second 
fluid passage, an interior portion, and an exterior portion. Hie interior portion of 
theshoeisdrillabk. 
Brief Description of the Drawings 
5 FIG.lisafragmentaiycros^ 

section of a well borehole. 

y\q> 9 i ft o ft^gmorxfHTy rm6A.r*rtif\na\ view fflustrating the placement of an 

embodiment of an apparatus for creating a casing within the new section of the 

well borehole. 

10 FIG. 3 U a fragmentary croo-aectional view illustrating the injection of a 
firrt quantity hardenable material into the new section of the 

well borehole. 

FIG- 3a is another fragmentary eross-sectional view illustrating the rejection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second q uan tity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-eectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of sn 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a ifl another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croea-eectional illustration of a wellbare including a pair of 
adjacent overlapping casings. 

FIG. 10b is a croes-aecticnal illustration of an apparatus and method for 
creating a tie-back liner mtmg an <»*pa™itM*» fcnhnifr member 
5 FIG. 10c ia a cross-sectional iBnateatfan of the ponying of a fhifriic sealing 
material into the annular region between the tubular member and the existing 

HO. 10d is a cross-sectional Illustration of the pressurizing of the interior 
of the tubular member below the mandrel 
W FIG. lOe fa a cross-sectional fflustratwm of the extrusion of the tubular 
member off of the mandreL 

FIG. lOfiaacross^ectioT^ 
out the shoe and packer. 

HG. lOg is a cross-sectional illustration of the completed tie-back liner 
16 created using an aipandiMe *»Hifi«» member 

FIG. 11a is a fragmentary c^^ 
new section of a well borehole. 

FIG. lib ia a fragm f*n ta ry crosB^ectkHial view Uhistratipg th^ p t*w*>nimt of 
anemlxxiimentofimaT^ 
20 of the well borehole. 

FIG. 11c is a fragmentary croaa-eectkmd 
a Brst quantity of aharderjable to 
weD borehole. 

FIG. 1 id is a fragmentary cross-sectkmal view fflustrating the introduction 
25 of a wiper dart into the new section of the well bo rehole 
FIG. lie is a fragmentary croswe 
a second quantity of a hardenaMa flnMie —^material Into tho new ocction of 
thaweUboxehole. 

FIG. llf is a fragmentary cross-sectional view fflustrating the completion 
30 of the tubular liner. 



Detailed Description of the THostrmtivo Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 

5 member and a mandrel in a new section of a wellbore, and then extrudin g the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member . The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an ovarlappingjoint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 

10 member to be supported by an existing tubular member by nrrmnrirng the new 
tubular member into engagement with the crating tubular member. The 
apparatus and method farther minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

16 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressur isin g 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlappmg joint that prevents fluid and/or 

20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by T+nAing the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tabular member is also provided 
that includes an expandable tabular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus Is composed of materials that 
penottthe interior pmrttonstobe rem 

In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hpngmg an expandable tubular l i ner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. Hie apparatus and method further have 
application to the joining of tubular members in general. 
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Referring initially to Figs. 1-5, on embodiment of an apparatus and me thod 
for forming a weUbore casing within a subterranean formation will now be 
described. As illustrated m Fig. 1, a 
formation 105. Tha wem»rolWinchad«a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weUbore 100 into the subterranean formation 10 5, 
a string 125 is used m a weU 
subterranean formation 105 to form a new section 130. 

AflfflusixaxedinFig.2,SAappa^ 
10 aimbteroieanfonnato 

100. The apparatus 200 preferably mrhirfwt «n Trp^.Kfr mandrtl or pig 205, a 
tubular member 210, a shoe 216, a loro cup seal 220, an upper cup seal ^ 
£hnd passage 230 t afi^pa^BS^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the etxpai^ 

disclosed in U A Patent No. 6,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

ITie tubular nienu^210 is s ^ 

25 tubular member 210 is expanded in the »adid 

expandable mandrel 205. The tubular member 210 inaybefabricaied tromany 
minib^ of coriventkmal c om Tn mr i n Try available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 18 cbjonihmi steel tubing/casing, or 
plastic tubingfcasiiig. In a preferred emhodunent, the tubular member 210 Is 

30 fabricated from CK^ The inner 

and outer diameters of the tubular member 2 10 may range, for example, from 
approxmiately 0.75 to 47 inches and LOS to 48 inches, respectively. In a preferred 



ftrnhrfll lm on ^ the mwmw n"nrf fffltflT flfonimtof nffho frihnlar wiptwIv t ft \ n range from 

about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide tp™™"* 1 telescoping effect in the most commonly drilled wellbore sires 
The tubular member 210 preferably comprises a solid member. 

5 In a preferred embodiment, the end portion 2 60 of the tubular member 210 

is slotted, perforated, or otherwise modified to catcher alow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of buckling. For typical tubular member 210 materials, the length of 

10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 inrtad^ft fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal nfloatshoe, Super Seal II Down Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, m odi fi ed in 

20 acco rdance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 Tn rrefrrrad ^^iTngnt th» shoe includes one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 216 optimally injects hardenable flnidic sealing material into the 
region outside the shoe 216 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed offby introducing a plug, dart and/or ball sealing elemen ts 
into the fluid passage 280. 



The lower cup seal 220 is coupled to and supported by the support member 
250. Tha tower cud seal 220 prevents forrfgn materials fatm entering the interior 
region of the tubular member 210 axrjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 availabto cup seals such a^ 
(SIP) cops modified in accordance with tha tearninga of the present disclosure. In 
a preferred embodiment, the lower eupae8J220ooiDprlaeeaSIPcup8eal v avBjlabk 
from Halliburton Energy Services in Dallaa, TO moxito^ 
material and contain a body of lubricant 

10 The upper cm> seal 225 ia coupled 

250. Tneupper cup seal 225 prevents foreign materials 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commerdalhr available cup seals such ah, 6*r jn^mp ] ^ tp 
cups or SIP cups modified in accordance with the teachings of the present 

15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
oip, available fromHalBb^ 

block the entry of foreign materials and contam abody of hibricant 

The fluid passage 230 permits fhridic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferabry 
extends from a positional 

mandreI205. The fluid passage 230 is preferabry r^ 
the apparatus 200. 
25 The fhiid passage 230 is r^erabtyse 
operation, to transport materials suA 

rates and pressures tanging from about o to a.nnn gauons/minate end 0 to P/KH) 
psim order to mirmiuxe drag on tte 
surge pressures exerted on the weuboie^^^ 
30 and lead to hole collapse. 

Thefluid passage 235 permits flaidfcinateriala to be released 
passage 230. In this manner, during rjlaixr^ within the 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimizing surge pressure on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further Quidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
mure io pressure at' ti vat ed in order to fira trail flVy *w™tnigfc serge p™ ipp * The 
fluid passage 236 is preferably positioned substantially orthogonal to the centerune 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDons/minute and 0 to 
9,000 pel in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to mmimitft surge pressures on the 
15 new wellbore section ISO. 

Tbe fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid peasage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fhiididy isolated from the region exterior to the tubular member 2 10 . This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferabry positioned substantially 
akmg the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular meinber 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/br a b 

In this manner, the fluid passage 240 can be aaaledc^bymtnxludnffaphjg, dart 

and/or ball sealing dements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmeinber210.m 
of the end portion 260 of the tubular tncxnber 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260rfthet«bularniember210 -fte seals 246 may comprise 

any number of conventional commercial^ available seals such as, for example, 
10 lead, rubber, Teflon, or epexy seals modified in accordance with the teachings of 
theprt^tdiadosure. Inar^efern^enibom 
Stratalockepoxy available^ 
to cjrtimalry provide a loa^ 

tubular member 210 and the end 270 of the gristing casing 1 1 5 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient frictiona! force to support the eipanded tubular member 210 from the 

existing casing 115. In a preferred embodiment, the Mcttonal force op timall y 

provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 

optimally support the expanded tubular member 210. 
20 Ttasuripart member 250 is c 

member 210, shoe 216, and seals 220 and 226. The support member 260 

preferably comprises an annular ineimW harm^ 

apparatus 200 into the new section 130 of the weHbore 100. In a preferred 

embcKliment, the support 
25 centralizera (not illustrated) to help stablliso the apparatus 200. 

In a preferred embodiment, a quantity cfhibricant 276 is 

annular region above the expandable mandrel 205 within the interior of the 

tubular member 210. In t his manner, the extension of the tubular member 210 off 

crfthe expandable niandrel 205 is to 
30 number of conventional amunerdslr/ available tabrfcante such as, for example, 

Lubrinlata,cnlorra 

(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3 100) available from Climax Lubricants and Equipment Co. in Houston, 
IX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the remaining portkms of the apparatus 200. In this manner, 
the mtToductton of foreign material into the apparatus 200 is minimised. This 
ininimi^thgpossimliryofforeigD ringing thevariousftawpaBBagea «*d 

valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 withmthenewsectkmlSOtf 

circulated in order to ensure that no foreign materials are located within the 
weubore 100 that might clog up the various flow passages and valves of the 
apparatas 200 and to ensure that 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and a hardfmahle 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 3 10 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region S 10 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fiDs the annular pe^ 
815 between the exterior of the tubular 

new section 130 of the weubore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315, 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for eiannile, from about 0 to 

1,500 gallons/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, weubore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
p umped The optimum flow rate and operating pressure are preferably determined 

30 iisj-njr conventional empirical methods. 

The b^rdenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, dag mix, cement or epoxy* In a preferred embodiment, the 
harriennhla fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal imppcntte 
5 while alao mmn t flinirig optimum flow (±aracteriatics ao as to mMznize difficulties 
daring the diaplaceanen^ The optimum blend 

of the blended cement la preferabry determined using wmventkmal empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 sufficient quantities to ensure th*!, upon *^^fHi fff the tubular member 
210, the annular xegkmSlB of the newaec^ 
with material 306. 

In a particularly preferred embedment, as fflnatrated in Fig, 3a, the wall 
t hi c lmflm and/or the outer diameter of the tubular member 210 ia reduced in the 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 mpoaftiousmtte Rirtheraore, in 

this manner, the initiation of the radial expansion of the tabular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 3 16 has been adequately 
20 filled with material 306, a rJug 40^ 

fluid passage 240 thereby flnidicty isolating the interior region 310 from the 
annular region 316. In a preferred embodimam^ fluidic material 

306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the mterior<)fthe expended turn 
25 not contain significant amounts of enrol material 306, This reduces and simplifies 
the cost of the entire process, Alternative, them 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurised, the tubular 
memb er 210 is extruded off of the expandable mandrel 206. During the extrusion 
30 Process, the expandable inano^ 

the tubular member 210. In a preferred embodiment, daring the extrusion 
process, the inandrel 205 ia raised at approximatery the same rate ** th* taihui^ 
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member 210 is expanded in order to keep the tabular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
tfr « extrusion process »« rnTlffll g™™* ™* h the tabu lar member 21 0 positioned above 
the bottom of the new wellbore section 130. keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new weUbore section 1 30 under the force of gravity. 

The plug 405 is preferably placed mto the fluid passage 240 by mtzodudng 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The plug 405 preferably acta to fhridicly isolate the hanknablc fluidic 
10 ^«ng materiel 80S from the non haidanahle fluidic material 306. 

The plug 405 may comprise any number of co nv e nti onal commercially 
« vriiAh l* dmrifla* from plugging a fluid passage such as. lor example l Mnltipte Stage 
Cementer (MSG) latch-down phig, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the ttfAchingn of the present disclosure. In 
15 a preferred embediment, the plug 40 5 comprises a MSG latch-down plug available 
from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid pasaage 240, anon hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressure 8 
and flow rates ranging, for example, from approximately 400 to 10,000 psi end SO 
20 to 4,000 gallona/min. In this manner, the amount of hardenable fluidic sealing 
material within the interior S10 of the tubular member 210 is mmimixed. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging nnmiappTOximatety500to9,000psiand40 to 
25 3,000 g piipn^ miTi in o^d** tn maximise the Mtmnmi speed. 

In a preferred embodiment, the apparatus 200 is adapted to mlnrmff* 
tensile, burst, and friction effects upon the tubular member 210 Airing the 
expansion process. These effects wfll be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thicktt'ttM <>f thf» tubular member 210 r the type of lubricant f and the yield strength 
oftbe tubular member 210. In general, the thicker the waHthickne^thesnialler 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular memn^ 
5 off of the erninrta nl p mandrel wffl begin whan the pressure of the interior region 
310 reaches, for example, approximately 600 to 9,000 psL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 2 10 at rates ranging, for 
example, from about 0 to 6 ft/sea luaprefbrred embodiment, 
10 process, the expandabfen^ 

tubularmember 210 at rates razign^ 
the thne required fcr the expand 
the expansion process. 

Whan the end portion 260 of the tubular member 210 is extruded oflTof the 
15 exp anda ble mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint. The contact 
pressure of the overiapping joint may range, for example, from approximately 60 
to 20,000 psl Inapreferredonbod^ 
20 joint ranges from ■pprushnatafr 400 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the aectio n 4 10 of the existin g casing 1 15 and 
the section 265 of the exrwidri 
25 andfhudicgeaL In a particularly uiefarred fmhnHhmmt, tfm ? j 5 
optimally provide afhiidfcandgaaecnjsaealfa 

Inepit£«edembodiinan^ 
hardrnwhlft fhiHir mntprfal 306 fa controllahfr ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular meniber 210 off of the expand Jna 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 
member 250 in order to absorb the shock caaised by the sudden release 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in Vfellbore operations. 

Alternatively, or in combination^ a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is cofnpMH, the expandable mandrel 205 is 
removed from the wellbore 100. In a p r efer red embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the Guidic seal of the overlapping joint between the upper portion 260 of 
the tub ular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular memto 
20 ?1 0 is t hf™ mnov^d in y «uvwwntiftiurf ^Tingr mrfi as, for «ample t circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section ISO and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured mate^ 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional r ra""»*r using a conventional drill string 605. The resulting new 
section of casing 510 includes the yjppr'M tubular member 210 and an outer 
30 annular uryer 615 of cured material 305. The bottom portionofthe apparatus 200 
comprising the shoe 216 and dart 405 may then be removed try drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Fig. G, the upper portion 260 
of the tabular member 21Q includes one or more sealing members 605 and one or 
more pressure relief holes 610. Ia this inaimer, the cr^ 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equaHxedd 

In a preferred embodiment, the sealing members 606 are seated wi thin 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 members 605 are bendedorn^ 

260 of the tubular member 210. the pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operatmgpressuro 

the tubular member 210. This reduction in required operatmg pressure in turn 
15 reduces the vel()dty of the maridrel 205 upon the completion of the extrusion 

process. This reduction in-vetodly in ttim mmimisea wreWSfa] B hock to the 

entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particular^ preferred exnbodiment of an 

apparatus 700 for forming a casing within a weUbore preferably includes an 
20 e xp and a b l e mandrel or pig 705, an expandable mandrel or pig container 710, a 

tubularmember 715, afloat si^ 

aiMd passage 736 f afluidi>aa^ 

750, an overshot connection 755, another support member 760, and a stabilizer 

765. 

26 The expandable mandrel 705 ia coupled to and lupportad by the support 

member 746. The expandable mandrel 706 ia farther coupled to the expandable 
mandrel container 710. The expendable mandrel 705 a preferahfr adapte d to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commcnaaBy availablg <apanHnM» mim dr ol 

80 mo<lifiedmacamlaiic*withtte In a preferred 

embodiment, the expandable mandrel 705 emnjiriaee a hydraulic expanaun tool 
substantially aa disclosed m UA Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference , modified in accordance with the teachings of the 
present disclosure. 

Hie expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is farther coupled 

5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a pr eferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wan 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weflbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre fer red embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tabular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 faibular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 7 10 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and f*ruU<ng at the bottom 825 of the 
5 fariwilflr member 715. 

In a preferred emtxxfimen^ the wall thickness of the upper section 605 of 
the tubular member 715 in greater than th» until thkknitwM of the intermediate 
and lower section* 8 10 and 815 of the tubular member 715 in order to optinially 
facfljate the initiation oftheextrosioa process a 
10 700 to be positioned in Incatkma in the weflbore having tight clearances. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 716 may range, for exann?k, from aborts 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular in^ 
15 to 16 inches and 8/8 to L6 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.5 to 60 inches and 1/16 
to 1.5 inches, respectively. In a pr efe rred embodiment, the outer diame ter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 torn about 3£ to 19 inches a^ 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from ahnnt 2JE to ^ an i T /I E 
to 1J&6 inches, respective^ In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
26 about 8.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment of the tubular 

member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for *™npi^ aluminum are used 

The tubular member 715 preferabfr comprises a so^ In 
SO apreferi^einbodh^ 

perforated, or otherwise modified to catch or alow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 7 1 5 is limited to minimize tha pmaahiHiy pfb uddmg: 
For typical tubular member 7 15 mstnrifllfi, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 716. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet porta 635. In a particularity preferred embodiment, the cross-sectional shape 
of the inlet passage 880 is adapted to recerve a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably Lachidea a body of solid material 840 for increasing the strength ofthe 
shoe 720. In a particularly preferred embodiment, the body of solid material 840 
comprises ahiminunx 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal U Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure In a preferred embodiment, the shoe 720 
comprises an aluminum down~jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 716 m & jm tmfftvngwqfllbpr* ^Mring t tffri npfrw*lty tha 
removal ofthe shoe 720 by drilling it out after completion ofthe extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conn^uonal oommerdaDy available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosu r e. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

80 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and mnported bv Hip mppnrt toat^w 
760. The upper cup seal 730 prevents foxvign materials temeataing the mte^ 
region of the tubular member 715, The upper cup seal 730 may comprise any 
number of conventional commer cially available cup seals such as, fig examp le, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present disclosure. In a preferred embodimeiit, the upper cup seal 
730conn?riaeaaaiPcupavaflabk£r^ 

in order to optimally provide a debris barrier and contain a body of lubricant 
The fhud passage 736 permits fluidic materials to be transported to and 
10 fi^ the interior region of the tubular member 715 below th#» #r»r*m*«iii» m^rrl 
705. Tne fluid passage 735 is flnididtycou^ The fluid 

paoage 785 is preferabfr coupled to a^ 

760, the support member 746, the mandrel container 710, and the expandable 
mandrel 706. The fluid passage 735 preferably extends from a position adjacent 

15 to the surface to the bottom of the expandable mandrel 705, The fluid passage 736 
is preferably positioned alonga centerline of the apparatus 700. The fluid passage 
73 6 is preferably selected to transport materials such as cement, drillin g mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallnnR/minnt* 
and 500 to 9,000 pei in order to provide sufficient operating pressuitis to extrude 

20 the tubular member 715 off of the expandable mandrel 706 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weilbore, fluidic materials forced up the 
fluid passage 736 can be released into the weHbore above the tubular member 715. 
In a preferred emb odiment, the apparatus 700 further includes a pressure release 

26 passage that is coupled to and positioned within the support member 280. The 
pressure release passage is fa^^ The 
pressure release passage preferably includes a control valve for controQably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to gflnWb»h>y jninimke -try praflgum. The 

30 pressure release passage is preferably portioned nfrnfamtinUy orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey mat e ri al s such ss cement, drilling mud or epoxies at 
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and pressures ranging from about 0 to 500 gallons/inmate and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a weUbore and to wnwiTnige surge pressures on the new weHbore section. 

The fluid p**"™^ 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk com mun tea don 
with the interior region of the tubular member 716 below the expandable mandrel 
705. The fluid passsge 740 preferably has a cross-sectional shape that permits a 
ping, ir rth*"- mm Am- rfmrir^ to be placed in the inlet 630 of the fluid passage 740 
10 to thereby Mock farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidkfcr isolated from the region exterior to the tubular member 715. 
Bus permits the interior region of the tubular member 715 below the expandable 
mandrel 206 to be pressurized. 
16 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferabry selected to 
convey materials such as cement, drilling mud or epoxies at flow rates end 
pressures ranging from about 0 to 3,000 gHilonfi/minuta and 0 to 9,000 pai in order 
to optimally fill an annular region between the tubular member 715 and a new 
20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 inchidet an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroducmg a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 fa a prefea i H the «ppM»faui 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
n umber of conventional commercially available seals such as, for example, teed, 
rubber, Teflon, or epoxy seals m^difW in accordance with the t eachings of the 
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present disclosure. In * prefe rre d embodiment, the seals 645 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tubular member 
715. 

Inapreferred emb o diment^ 
fractional farce to support the amended tabular member 715 from the existing 
casing. In a pte f e iied embodiment, the frictions! force provided by the seals 845 

10 ranges from about 1,000 to IfiOQflOO Ibf in order to optimally support the 
expanded tabular member 715. 

Toe support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 746 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700mtoanewse<±ionofawftllbora 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the toachfngB of the present disclosure. In a preferred 
cmlttdjnient, the support member 745 rnrnnrisft«cmventiopfll drill pipe av ailable 

20 from various steel in the United States. 

In a preferred embodiment, a body of hibricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. in thiaTu^^ the extrusion of thetubutoinanbcr 716 
off of the expandable mandrel 705 is farifitated. The hibricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, ofl baaed lubricants, or Climax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Oimax 1500 Antisiexe (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to facOiate the extrusion 

30 process. 

The overshot connection 755 is coupled to the support member 745 and the 
supportmember760. The overshot comiection7& 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 765 may comprise any number of conventional commercially available 
overshot connections each as, for example, Inneratring Sealing Adapter, 
Innerstring Rat-Face Sealing Adapter ox EZ Drill Setting Tool Stinger. In a 
5 preferred embo diment^ the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas* TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not fflostrated). The support member 780 

10 preferably amiprises an armular member having sufficient strength to carry the 
apparatus 700 into a ne^ The support member 760 may 

comprise any number of conventional coimnerciaEy available support members 
such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 
modified m accordance with the teachings of trie present Aiaclosure. In a preferred 

15 embodtaent,thesuppo^ 

from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 

20 spherical raember having an outside diameter that is about 80 to 99% of the 
interior diameter of the tabular member 715 in order to optimally minimize 
buckling of the tubular member 715. ThestaWHzer765iriaycom 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocta modified in accoro^ 

25 of tbe present disdosure. In a preferred emboo^mer^ 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred —»>™K*"»"* 1 the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the r ema i nin g portions of the apparatus 
30 700. In W« mmmer, the introduction of foreign material into the apparatus 700 
ismnnmized. This minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weHbore volumes are circulated 
thxougi the various flow passages of the apparatus 700 in order to ensure 
foreign materials are located within the weUbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 pairing the expansion process. 

In a preferred embodnuant, the a 
described above with reference to Figs, 1-7 to form a new section of casing within 
a wellbore. 

10 As illustrated hi Fte8.m 

and apparatus described herein is used to repair an exlst^ 
by forming a tubular liner 810 inside of the existing wriJhnr* ^«it, g OAff Ina 
leered ffmhorihnent, an outer annular lining of cement is not provided in the 
repaired section. In the altaroatiro preferred 

15 materials can be uaed to expend tte 
tb^ damaged section of the weDbore 

slag mix, or drilling muiL In the alternative preferred embodunenl^ sealing 
members 815 are preferably provided at both eiidsof^ 
to optimally provide a fluidicseaL In an alternative preferred embodim ent, the 
20 tubuiar liner 810 is fbrmedwithni 
Mthoseusedto transport hydros 

in an overlapping relatimash^ vWth the eb^acenipipelMeaecto In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 
25 In imother alternative 

described herein is u 
preferred embodiment, an w 

the tubular linerSlOand the we^ In the alternative inferred enibcdiment, 
any nuinber of fluidk inateri^ 
30 intimate contact with the wellte 
or drilling mud 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of en 
apparatus 900 for forming a weHbore casing includes an expendible tubular 
member 902, asupport member 904, an expa 

908. In a preferred embodiment . the design and construction, of the mandrel 906 
6 and shoe 908 permits ea^remo^ of tbo% In this 

manner, the assembly 900 can be easily removed from a wellbore using a 

conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 

910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tabular member 902 ta preferably extruded ofTof to 

906 by pressurizing an interior region 966 of the tabular member 902. The 

tubular member 902 prefereb^ 

In a particularly preferred einbodimcnt, an prpHnfiabb tubular member 915 

is coupled to the upper portion 910 of the expandable tabular member 902. During 
16 operation of the apparatus 900, the tulnilar meniber 915 is preferably extruded off 

ofthe mandrel 90* typressuri 

902. The tubular member 915 preferably has a substantially a nrmin r cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 916 is 
greater than the wall thickness of the tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulart in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 Inaparticularly prefer 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
appr oixixofl tely the same yield properties as the tubular member 902* The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of weDbore casing. 
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In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited *» minimis the possibility ofbuckling, For typical tubular 
member material^ the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length- 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906* 

The tubular member 802 may be fabricated from any number of 
10 conventional commerdaDy available such as, for example, oilfield 

tubular*, low alloy gteela, titanium or ttnfnlr^gtad a. In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tabularm in order <*» optimally 
provide approximately the same Tnechariical properties aa the tubular member915. 
In a particularly preferred embodiment the tubular member 902 has aplastic yield 
15 point ranging from about 40,000 to 186,000 pa in order to optimally provide 
approximately the same yield p rop erti es as the tubular member 915. 

The wall t hk kn e sa of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tabular member 902 may range, for example, from about 1/16 to 1.5 
inche s. In a preferred embodiment, ™" thininrwffq of the ^pp?r r intui" 
20 and lower portions, 910, 912 and 914 of the tabular member 902 tango from about 
V8 to L25 In order to opthnalry provide wall tw are *»rnm M 

the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the w^ 

910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The c^ter diameter of theupper r fartermediate t end tower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1 .0 5 to 48 
inches. In a preferred embodim intermediate, 
and lower portions, 910, 912 and 914 of the tabular member 902 range from about 
SO 3 M to 19 inches in order to optimally provide the anility to expand the most 
commonly used oilfield tubular*. 
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The length of the tubular member 902 is preferabfcr limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a botfy of lubricant 

Tbe tubular member 902 may comprise any number of conventional 
5 commeraaDyavaflabktubA^ 
of tbe present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubnlar Goods e^ 

The tubular member 915 may comprise any number of conventional c omm ercially 
available tubular members modified in accordance with tbe teachings of the 

10 pr«m*du»«inMtT«v In a preferred embodiment, the tuJbularmenmer 915 comprises 
Oilfield Country Tubular Goods available from various UA steel nulla. 

The various elements of the tubular member 902 may be con^^uafaig any 
number of conventional process such as, for example* threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coup^ 
end. The various elements of the tubular member 9 15 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a p re f erred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tabular 
member 915 may comprise a plurality of tubular element* thai e« 
end. Tbe tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded co n necti on s, welding or 
machined from one piece. 

25 The support member 904 preferably includes tn mnerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the suimortm^ 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from my number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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embodiment, the support member 904 is fabricated from low alky steel in order 
to QptimaHy provide high y ield stren gth 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conv entional driP string support fann a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection OTP. 

The fluid passage 918 is preferahfr 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicjjr coupled to the fluid passage 952. In a preferred enibodiinmt, the fluid 
10 paa8age918iapaed ta«»^iiMTrimi«hUfliTM^ 
apparatua900. Inaparticnlarfrittefer^ 

include one or more pressure relief passages (net illustrated) to release fluid 

pressure (hmngpos ftirni i ng of the apparatosm within a wdlbote. In a preferred 

embodiment, the fluid passage 91B is positioned along » kvngitaiHiT^ ^tgrtino of 
15 the apparatus 900. In a pre fer red embodiment, the fluid passag e 918 ia selected 

to permit the conveyance of hardenable fluidk materials at operating pr essur es 

ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 

904. The tipper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 916. Hie upper guide 920 may comprise any m anber 

of conventional guide members m^ 

present disclosure. In a preferred rnihodrmimr, the upper guide 920 comprises an 
innerstringadapter available ft^ 

to optimally guide the apparatus 900 within the tubular member 915. 
25 ^co*mtog922couplesthe support 
coupling 922 preferably 

The various elements of the smpport member 904 may be oou|^ using ai^ 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded <»*m»wt i{m fl 
The mandrel 906 prefer^^ 
expansion cone 928, a lower c«ne ire^^ 



934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator xnandrel946 > ahibricatoraker8 948,agu^ 
950, and a fluid passage 962. 

The retainer 924 is coupled to the lubricator msndrd 946, fabricator sleeve 
5 948, and the rubber cup 926. The xetainar 924 couples the nibber cup 926 to the 
hibricator sleeve 948. The retainer 924 preferably has a substantially annular 
crass-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the fabricator sleeve 948. The rubber cup 926 prevents the entry of 
frirwign m«t *n-f «)« Wa th» tntofinr region 972 of the tubular member 902 below the 
rubber cup 926. Tie rubber cup 926 may comprise any nin^ 
commercially available rubber cups such as, for example, TP cups or Selective 
16 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 ofthe tubular member 902 in 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based luhricanta, oil based lubricants or Climax 1500 Antiaeixe 
(3100). In apreferred embodiment, the lubricant comprises Climax 1500 Anuseue 
25 (3100) available from Climax Lubricants and Eo^npment Co. in Houston, TX in 
order to eptama&y provide hibricatbn to faciliate the extrusion process. 

The expansion cone 928 is coupled to the tower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension slew 986, th^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 340, and the upper cone 
retainer 944. 

The expansion cone 928 preferably hasasubstantiAlbrannnlarcroesaedion. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thirkness of the expansion cone 928 may range, for 
ffirnmpto, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges n^aboiitO^ to 075 inches border 
to opthnalfr provide adequate coninreflstve strength with minimal mat^r ^] Tfc e 
10 niaxhnum and minima 

forexample^n^abc^tltoiTiridiet. Inapreferre4exabotfn^ 
and mininmm outside dia me ters of the erpms t on cone 928 range from about 3 .5 
to 19 in order to optraalfr provide expansian ofgenera%avaflal>tedlfieM tubulars 
The ftx p flnFa o n cone 928 may be fabricated from any number of conventional 
15 ccfliUTierdally availabLe materi al s such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred PTnhnHimffnfc th« trrpammum ogg fa fabricated 
from tool steel in order to optimally provide high strength and abrasbnreaistance. 
The surface hardness of the outer surface of the expansion 
example, from about 6X) Rockwell C to 70 RockwdlC. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 range* from 
about 68 Rockwell C to 62 Rockwell C in order to cpthnahy provide high yield 
strength. In a preferred BmHnHnw the tt*™*"™ Q?p jg heat trpntod to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture tou ghnes s 
26 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing940. In a preferred ernlxxiiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 63Q has * mihgfcimtjflifr annular from section 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional cornmerdafly available matHsIs snrh as, for example tr*A 
steel, titanium or low alky In a preferred enmcdment, the low ame 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a pr e fer red embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide hi gh yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retsdner 930 and the expansion 
10 cone 928 are formed as an integral one-jueee element incite 

of co mpon ents and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned wnnmtheinterk)rofthenwnd^906- 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easQy removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, alumiro m , cast iron ox 
torn* othfr dritlftbte T»»friHii» t mrrrpniritP., or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular croasr 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and bnuaing 940, 
25 Diiring operation of tneap 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably baa a substantially annular cxoss^secttaDu 

The lower guide 934 may be fabricated from any number of conv ent i on al 
commercially available materials such as, for example, oilfield tubulaxs, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension akeve 938 is coupled to the low guide 934 and the htnising 
940. During operation of the apparatua 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular memb er 902. 
The extension akeve 938 preferably has a aubetantialry annular crosa-sectk^ 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for ^mp to, oilfield 
tubular*, low alloy steel or stainless steel In a preferred exnbodixaent, the 
10 extension sleeve 936 is fabricated 

lughyieM strength. Tbeeutersiirfeceof theextenrion sleeve 036 preferably mates 
with the iimar surface of the trfnuar member 902 to provide Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 
16 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the seating sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the ex tensio n 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a rnihstantiaf)y annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
coxnmercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment in 
order to optimally provide d'rillabiKty, The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embodliment, the sr^cer 
938 and the aealmg sleeve 942 are formed asm 

to reduce the number of componenta and increase the strength of tb* apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operati<m of the apparatus mT^py r adial 

motion of the expansion cone 928. Preferably, the bousing 940 has a substantial^ 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available i^**™ 1 * such as, for example, oilfield tubulars, Low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

6 preferred embodiment, to 
are farmed as an integral one-piece element in order to minimifle the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
MO includes one or more protrusions to fadliate the c on nection between the 

10 housing 940 and the body of cement 982. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support Cor the niAndrel 
906. Th* F** 1 ™g Alftgvtt 942 ia preferably coupled to the support member 904 using 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ataninnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillabOity of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to mmimixe the 
number of components, 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944preferably prevents axial m^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer -944 may be fabricated from any number of 
conventional commercially available materials audi as, for example, steel, 
aluminum or cast iron. In a preferred mnhodiniBnt, the upper cone retainer 944 
is fabricated from ah^ 
6 cone retainer 944. 

In a particularly pref erred embodiment, the upper cone retainer 94^ 
cross-aectumal shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a crnsa-aectional sha pe 
that is substantially I-thaped to provide inereaaed rigidity and 

mwmiiw (he 

10 amount of material that mruM have to be drilled out 

The lubricator mandrel 948 is coin>led to the retains 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferabry 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interlace between the mandrel 906 andthetabiilarniember 902. Preferably , the 
lubricator mandrel 946 baa a substantially «nntiim » croea-aectioiL 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ah imlmiTn or cast iron. In a preferred embodiment the lubricator mandr el 946 iff 
20 fabri ca ted from ahgninum in order to optimal*/ provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cnp 926, the upper cone retan^ 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
26 sleeve 948 preferably supports the rubber cup 926. Preferabry, the lubricator 
sleeve 948 has a substantially annular croaMection, 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron* In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optnnaty provide drillability of the 
lubricator sleeve 948. 
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As illustrated in Fig: 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator Bleero 948 in turn supports the rubbercup 
926. Th& retainer 924 couples the robber 926 to the hibricatorateeve 948. In 
a preferred mhnMmm^ . w seals mi * ****** ere provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimal^ seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the ap p aratu s 900, the guide 
960 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 hpg f ffflbfffrantiffl*y ^lmilnr rmMwwrtien. 

The guide 950 may be from any number of conventional 

commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 960 is fabricated from aluminum 
order to optimally provide drillability of the guide 950 . 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys haxdenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate rarjgmgftomarxratO to 9,000 paiar^ 
to optunafly provide pressures and flw 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or rmmttng In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 95 4 , a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

SO The housing 954 is coupled to the bedy of cement 9W and the lower po 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the Icrwer portion of the tubular member 902 to the 
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shoe 908 to facilitate the tatniwm and positioning of the tabular member 902. 
Preferably, the housing 954 baa a suhatantialr/ manJar <yoss-eectk>n. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such aa, far example, steel <*r aluminum In a 
5 preferred embodiment, the housing 954 a fabricated fawn ahnafanma *n fmjg to 
optimaUy provide d riBab Ofty of th e boos in g 954 

In a particularly preferred embodiment, the Interior surface of the ho using 
95*rocludc*oneormorepn^^ 
of cement 956 and the housing 954. 
10 Tl»bc<frcfcmnent956igcocr^ 
958* Inaprefexred-embodhnent, tte 

selected to permit the body of cement to be eaafly drilled out using conventional 

HrflKng ■mgnfrifnofl Sfflld proc ess es . 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a (billable 
material such aa , for example, aluminum or iron may be substituted for the body 
of cement 956. 

The nealing sleeve 958 ia coupled to the body of cement 956, the extension 
tube 960, the uuH passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable ftridic material from the flnid passage 952 nite the flufal passage 962 
and then into the cutlet jeta 964 in order to fluidic material 

into an annular region external to the tubular member 902. In a p r e f erred 
embodiment, during operation of the appar^^ 

25 indudea an inlet geometzy that pern^ 

lodged in the inlet of the sealing sleeve In this manner, the fluid passage 962 
may be blocked thereby fluidkfy isolating the interior region 966 of the tabular 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annularcru»secticm. Theaealizigaieeve958m^ 

of conventional commercially available materials such as, for example, steel, 
aluminnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillabiUty of the sealing 
sleeve 958, 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. Daring operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable Huidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of thesealmg sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fltiidic^iflolsAmg the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of 

the spacer 938 in o rder to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment; the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide driDabiKty of the 
exUflmn>n Cube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xten sio n 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a paxticularty preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rale 
ranging frum snout 0 to 9,000 psi and 0 to 3,000 gallons/nim m order to optimally 
provide fluids at operationally efficient rates. 

30 Tb* outlet jets 964 are coupled to the sealing sleeve the exteusion ta^ 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the legion exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a puu^au^ 

In a preferred embodiment, the outletjetsBM comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
6 of the apparatus 900. 

TkiB various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded *rmn**«*i>Ti3 ceme nt or 
mach in e d from one piece) of material In a pr ef er r e d embodiment^ the various 
elements of the shoe 808 ere coupled usin g cement. 

10 In a preferred emh nHimmt y the asseaahfr flon « operated «">" rt r T»tfn1fr en 
described above with refinance to Figa. 14 to ereele a n^ 
wellbore or to repair a weUbore casing or pipeline. 

In particular, m order to extend a 
a drill string is need in a well known manner to drill out material from the 

16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. In a 
preferred embodiment, a hardenable fluidic sealing haidenable fluidic sealing 

20 inaterial is then pumped firom am The 
hardenable fluidk awnKngmiitiH^i than p— *™n thft fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 

25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. C ontained pampingofthe hardensMe B ridie sealingmaterial causes the 
material to fill up at least a portion of the armolar region. 

The hardenable fluidic sealing material is preferably pumped into the 

30 annular region at pressures and tlw rates ranging, for example, ft^ 

5,000 psi and 0 to 1,600 gallon aftn m, respectrvery. In a preferred embodiment, the 
hardenable fluidic sealing 
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and flow rates that are designed far the sp ec i fic weilbore section in order to 
optimize the displacement of the hardenable ftuidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the weilbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenahle fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidk sealing materiala such as, 
for example , slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also •mnmfa>fafafl optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 
15 using conventional empirical methods. 

The annular region, preferably is filled with the hardenahle fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the weilbore win be 
filled with hardenable material. 
20 Once the «TmnW region has been adequately filled with hardenable Guidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced in to the fluid passage 962 thereby ffuididy isolating the interio r region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 
25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred ^^m»<mt th« phi g m- dart 97*, or other similar device, preferably is 
introduced into the fluid passage 96 2 by introducing the plug or dart 974 f or other 
<rimfifti» device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 
30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 916 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandr el 906 
is raised oat of the expended portions (rfthe tabular members 902 and 916 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the flood passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commerdaHy available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cemantar (M3C) latch-down ping, Omega latclndown 
10 plug or three- wiper latch d 

the present disclosure* In a preferred rnnbodmicnt, the ptagor dart 974comprtsea 
a MSC latch-down plug available from HalKbtfftm Energy Services in Dal^ 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidk material is preferably pumped into the interior region 966 at 
16 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gallona/min in order to optimally extrude the tabu^ 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 916 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximately 600 to 9,000 pal In a preferred 
embodiment! theestrosionafthetubularmambera 

906 begins when the pre ssuie of the Interior region 966 reaches app roxim at ely 
1 ,200 to 6,500 pd with a flow rate of about 40 to 1250 galbna/nnmite. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. Tn a pyfaw^H ^Hji^f during tfaa frttrnrion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

30 permit full e xpan s io n of the tubular members 902 and 916 prior to curing of the 
h a r d wiable fltndic sealing material; but not so fast that thnefr adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper endporttonofthe tubular member 
916 win preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint The contact pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a prelermd pmhod hm-nt, the contact pressure of the o verlappi ng joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from appimimatery 400 to 

pressure to activate the sealing members and provide op^mal resistance such that 
10 the tubular mexnber 915 airiezisti 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the nan 
hardenahle Acidic material will be controllabr/ ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 916. In this manner, the 

15 sodden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be raniinized In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 ha* completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative pre fe rred embodiment , the operating pressure and/or flow 
rate of the hardenahle fluidic sealing material and/or the non hardenahle fhridic 
material are controlled during all phases of the operation of the apparatus 900 to 
faiflixaixe s hock 

25 Alternatively, or mcxnnbmatkni, a shock absorber b 

member 904in order to absorb the shock caused by the sudden relea« 

Alter nativ ely, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 
theweHbore In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidk seal of the overlapping joint between the 
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upper portion of the tabular member 915 and the lower portion of the existing 
casing is tested u^convein^nal methods. If the Cuidic seal of the overlapping 
joint between the upper portion of the tubular member 916 and the tower portion 
of the existing casing is satisfactory , then the uncnred portion of any of the 
5 hardenable ftuidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner . The hardenahle fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
nrit ting caring and new section of wellbore is then allowed to cure. 

Preferably any remaining cored hardenahle ftridic sealing material within 
10 the intin^ of the expanded tu^ 

convent ion a l marmftr using a conventional drill string, llie resulting new section 
of easing preferably includes the expanded tabular members 902 and 915 and an 
outer annular layer of cored hardenahle fhridk sealing material. The bottom 
portion of the apparatus 900 comprising the shoe 90S may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the enth^ apparatus 900 from the interior of th^ 
to a malfunction. In this orounstance, a conventional drill string is used to drill 
oat the interior sections of tto 
20 the remaining sections. In a preferred embodmient, the interior deni^ 

apparatus 900 are fabricated from materials such as, for example, cement and 
almnimnn, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
26 sections oftheinandrel 906 and 

cement 932, the spaoar 938, the aealh^ 
the hAricator mandrel 946, th^ 

the boo> of cement 95^ the ee^ 
are selected to permit at feast some of these exponents to be drilled out using 
30 conventional ogling inethota In this manner, in the event of a 

m sl ft m ct ton downhole, the apparatus 900 may be easuy removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, 10d\ lOe, lOf; and lOga method and 
apparatus for creating a tie-back liner in a wtllbore will now be described. As 
Qlustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The Orst casing 1004 preferabfr includes a tubular liner 1008 and a cement 

annulns 1010. The second casing 1006 preferably includes a tubular liner 1012 
m4 » tfffiwtt annnlua 101 4. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l*9c or below with reference to Figs. 11a- 111 
10 In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012 overlaps with a k> w e i por tion of the tubular liner 1008. In a particularly 
preferred <»™>wttm»nfc <m pater unrfucB of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhiidk seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10h» in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1 106, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
25 modified in Bmrrdanre wit* 1 +V» t^hfngn nf tlwpTMent disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 6,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachingR of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expand a ble 
mandrel 1105. The tubular member 1 105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 11 10 may be 
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fabricated from any number of materials such as, for example. Oilfield Country 
TubuIarGooda, IS chromium tubingor plastic pipimj. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods, 
The inner and outer diameters of tie tubular member 1110 may range, for 
6 example, from approximate*/ 0.75 to ^ 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 15.6 inches and 3.6 to 16 inches, respectively in order 
to optimally provide coverage for typical oilfield casing sizes. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiincrit, tte 

1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extruaion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is lim it e d to 
minimae the possibility of buckling. For typical tubular member 1110 materials, 
15 the length of the tubular m 
to 20,000 feet in length. 

The shoe 1115 ia coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe U 16 includes the fluid passage 1136. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SealHfl^ 

with a sealing sleeve for a latch down ping modified in accordance with the 
teachings of the present dacloaure. In a preferred embodiment, the shoe 1115 
comprises an ahxnmium down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services m Dallas 

present disclosure, in order to optunauy guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally flnidicfr 
isolate the interior of the tubular member 1100 after the latch dewn plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe msindudea one or more side out^ 
ports 1140 in fluidk co immnifcat ion with the fluid passage 1135. In this manner, 
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the shoe 11 IS injects hardeoable fluidic seaiingmftterial into the region outside the 
shoe 1115 and tabular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a baD sealing member. In this manner, the Quid passages 
5 1140 can be sealed off tyiiitro^ 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the Interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. Tkecupseal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cupe or Setectrve Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
16 contain a body of lubrkant, 

The fluid passage 1130 permits fluid ic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferabry extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centeziine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallona/ininuteaM0to9,CK)0psiinoro^ 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage llSSpenaitaflnidlcmaterialstobetranaM from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape tbat permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fhridic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tabular member 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid, passages 1140 are preferably positioned nlrmg the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 

10 such as cement, drilling mud or epoxias at flow retea ind |matmt*« ran g i n g frotn 
about 0 to 3,000 gaEona/minuts and 0 to 9,000 pei to order to optmmlfr fin the 
annular region between the tubular member U10 and the tubularly 
fluidic materials. In a preferred embedment, the fhiidpejasgea 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

16 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to recer^ 

20 or c^herdmilar device, to permit the interior regim 

to be fhridkhr isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further 

of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper eiid portion of the csaing 1012 a^ 

end portion of the tabular member ma to be fhikncly sealed. 

The seals 1145 may comprise any number of conventional commercially 

available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 

in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise i#°}?rt) nMf<1 fr*m gt nrt filJK* *r rw y p* ? 11 ^ 1 * 

from Halliburton Energy Services in DaHaa, TX m cmier to optimally provide a 
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hydraulic seal in the overiappingjoxnt and optnnally provide toad carrying 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 1 4 5 are selected to optimally provide 
a sufficient frictionalforce to support the expanded tubular member 1110 from the 
5 tubular liner 1008, In a preferred embodiment, the frictional force provided by the 
Beak 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the expanded tubular memb er 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. Tha support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wallbore 1000. In a pi cferred embodiment^ the support 
member 1150 further includes one or more conventional centralism (not 
fllustrated) to help stabilize the tabular member 1110. 

In a prefe rred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
far example, LubripKate, chlorine based lubricants or Climax 1500 Antiseize (3 100). 
20 In a prefe ired embodiment, the lubricant 1150 co m p ri n tta Climax 1500 Antiaeize 
(3100) available from Qimax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apref erred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the fatrodteAion of foreign material into the apparatus 1100 la mmlmira cL 
This ww^ftpiwHt the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 i pchid n * a 
SO packer 1155 coupled to the bottom section of the shoe 1 115 for fluidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the \feUbore 1000 below the 
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Apparatus 1100. The packer 1156 may comprise air/ number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a driHable cement retainer. In a preferred embodiment, the packer 
1 165 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, IX In an alternative embodiment, a high gel strength pill may be set 
below the tie^hacimplace of the packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after portioning the apparatus 1 100 
within the wellbore 1100, a couple of wefibore vohimea are circular 
10 ensure that no foreign materia^ 

dog up the various flow passages and valves oftheapparatua 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidk sealing material 1160 ia then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member lUOmto the fhjid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material H60 causes the material 
1160 to fill up at least a portion of the et wh I a t region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,600 

25 gallnnfl/min,regpertrygfr. In a pr»farr»H rnihndimwnt mfltfrfal 1 160 ig pomped 
into the annular region at pressures and flow rates specifically designed for the 
casing sires being run, the annular spaces being filled, the pumping equipment 
available, and the pr op erties of the fluid being pumped The optimum flow rates 
and pressures are preferably calculated using grm v wntanmol empirical methods. 

30 The hardenable flnidic sealing material 1160 may comprise any number of 
conventional commercially available hardenable flnMic sealing materials such as, 
for . example, slag mix, cement or epcxy. In a preferred embodiment, the 
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hardenable fhiidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to cptimaHy provide proper support for the tubular 
member 11 10 while maintaining optimum flow characteristics ao as to mrrrimirfl 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional emprrval methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 110, the 
10 annular region will be filled with material 1160. 

AaflhiBtratedinFig. 10d^ once the annular regirm hits 
with material 1160, one or more phiga 1165, or other similar devices, preferably 
are introduced into the Quid passages 1140 thereby fluididy isolating the interior 
region of the tubular member 1110 from the annular region external to the tubular 
15 m emb er 1110. Tn * preferred embodiment, a non hn rdpnahle fhiidic material 1161 
is then pumped into the interior region of the tubular member 1 1 10 below the 
mandrel 1 105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are itf 
into the Quid passage 1140 with the introduction of the non h a r d en ab l e froidk 
20 materiaL In this manner, the amount of hardenable fhiidic material within the 
interior of the tabular member 1110 la minimixed. 

As illustrated in Fig. 10a, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example , 
30 brass balls, progs, rubber balls, or darts modified in accordance with the t e a chi ng s 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 hiving a common central 
inlet passage, the plugs 1265 comprise a single latch down dart 

After placement of the progs 1165 in the flukl passages 1140, the non 
5 har d enab le fhiidlc material 1161 is preferably pumped into the interior region of 
the tubular member 1 110 below the mandrel 1105 at pressures and How rates 
ranging from approximate^ 500 to 9,000 f»a^ 
In a preferred embodiment, after placement of the pto^ 
1140, the non hardenaMe fluidic material 1161 is preferably pumped into the 

10 interior regkm of the tubnla^ 

and flow rates ranging from eppmbnatefcr 1200 to 6500 pel and 40 to 1250 
gailona/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

15 interior region of the tubular member 11 10 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 pat In a preferred einbodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psi 

20 During the extruaira 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In apreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates rangingfrom aboiit0to2 ft/sex: morfer to (iptomally 

25 provide penxrft enlistment of o 
the extrusion process wffl be com^ 

In a preferred embodiment, at least a portion 1180 of the tubular member 
1110 baa an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel UW 

30 number 1110, at least a pm 

at least the weflborecasmgl012. In a particalarty preferred embodiment, the seal 
is effected by compressing the seablOI* between the expanded s 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10 9 000 pel in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint wfll withstand typical extremes of tensile and compressive 
bads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 

diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 molts in contact between sub st an t i ally all of the 
expanded tabular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
15 provide opturialresistar^ 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUaMy ramped down when the expandable mandrel 1105 
T*Hu»Vum ^tpp^ end portion of the tubular member 1110. In this manner > the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimired In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion flrom 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 baa completed 
25 ftjTT Yrr"n«»>fr all hut ahmit 5 feet of the extrusion process. 

AltCTXtttiYPly , at tn j**?™*"" qt-irvn i w *hnrk wbrarber la provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alt e rn a ti v ely, or in combination, a mandrel catching structure is provided 
30 m the upper end portion c>fthe tubular member 
decelerate the mandrel 1105. 
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Referring to Fig. 10f, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the weUbore 1000. In a preferred 
embodiment, either before nr Aftpr Oia removal nfth*mrrKnAM r mandrel 1105, 
the integrity of the fhiidic seal of the Joint between the upper portion of the 
5 tubular member UIO and the upper portum of the tubular Knar 1108 is tested 
using conventional methods. If the flnidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tub ular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
exp a nde d tabular member lllQia then Jemoved m a conventional manner. The 
10 material 1160 within the aanular region between the tuta 
the tubular hner 1008 is then allowed to cure. 

As illustrated in Kg. IQf; preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resulting tia-badtHn or 
15 of casing 1170 includes the expanded tabular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
11 00 comprising the shoe 1 116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 »^Ti g conventional drilling methods. 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for haTigingatubulsf liner o 

As illustrated in Kg. 11a, a weUbore 1200 is positioned in a subterranean 
25 formation 1205. The waHhara 1200 inrinAw «n *nH«tfn g fc^tTpn i^io hflying 

a tubular casing 1216 and an annular outer layer of cement 1220. 

In order to extend the weUbore 1200 into the subterranean formation 1206, 

a drill string 1226 is used in a well known Tfumnrr to drill out material from the 

subterranean formation 1205 to form & new section 1280. 
30 As illustrate in Fig. lib, to 

in a subterranean formation Is then positioned in the new section 1230 of the 

weUbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1346, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 Is preferably adapted to controllabry 
expend in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified to 
accordance with the of the present disclosure. In a preferred 

embodiment, the expandable mandrel 1305 comprises a hydraulk expansion tool 

10 substantially as disclosed in US. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified m accordance with t^ 
present disclosure. 

The tubular member 1 310 is coupled to and s u pported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expendable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubmg/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The mner and outer dianieters of the t^ 

20 example, from approximately 0 .76 to 47 inches and L05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal teleacopmgeffect in the most commonly encountered 
wellbore sizes, 

25 In a preferred embodiment, the tubular member 1310 i n clu d e s an upper 

portion 1355, an intermediate portion 1380, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer Hi am etarr of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 Vfc to 
16 inches, respectively. In a preferred embodiment, the wall tbi ck rte ss and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from aboat 8/8 to 1.5 inches and 3.5 to 16 indhes, 
respectively. 

In a particularly preferred embodfanen^ the wall thickness of the 
intermediate section I860 of the tnbularmeinber 1310 iflkes than or equal to ^ 
5 wall thicknessof the upper and tower aectiona, 1355 and 1365, of the tubular 
member 18 10 In order to optimalfr fecfliate the miration of the extruaon process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

Hie tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1365 of the tubular member 1310 
ia slotted, perforated, or otherwise modified to catch or alow down the mandrel 
1305 when it completes the estruakm of tubular rainber 1310. In a preferred 
embodiment, the length of the tubular member 1310 ia limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 ia preferably limited to between about 40 to 20,000 feet 
in length. 

Hie shoe 1315 ia coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number cif conventional commercially available ihoes such as, for example, 
20 Super Seal II float shoe, Super Seal U Down-Jet float shoe or guide shoe with a 
sealmgaleeveforalatchHlown^ 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
al uminum down-jet guide shoe witha sealing sleeve far aJatch-down plug available 
from Halliburton Energy Servicee in Dallas, TX, modified in accordance with the 

25 teachings of theprcsentdleckeuie, hi o 

1310 into the wellbore 1200, optimally flpjdfefr Isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, 1iie shoe 1315 fbrfherinchidesone or more sto 

30 outlet porta in fluidic commnTiirarffm with the fluid passage 1330. In thia manner, 
the shoe 1315 Preferablv injects harrf CTfl hl»fhii^v» sealingmatcrial into the lrgkm 
out&ide the shoe 1315 and tubular memtyr 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1380. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid pasaage 1320 is coupled to and positioned within the 
support member 1346 end the expandable mandrel 1306. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305 The fluid passage 1320 b preferably positioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cem ent, drilling mud, or epoxies at flow rates and 
pressuresraigmgfiom alxyut 0 to 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
pasaage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the gq-mfaM* mandrel 1306. The fluid passage 1330 preferably has a croaa- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther pasaage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidity isolated from the region exterior to the tubular 

25 member 1310. This permit* the interior region 1370 of the tubular member 1310 
betow thft rrp*™**^* mandrel IMS tn ha pressurized The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement , drilling mud or epooriea at flow rates and pressures ranging from about 0 

30 to 3,000 gancma/miirate and 0 to 9,000 pai in order to optimally fill the annular 
region between the tubular 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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incl ud es an inlet geometry that can receive a dart and/or a ball «p*img memb er. 
In this manner, the fluid passage 1330 can be sealed c^by introducing a phig; dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 end shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 ispreferabjy 
p o si t ion ed substantially along the centerime of the apparatus 1300. The fluid 
passage 13S5 is preferably selected to convey material* such as cement, drilling 

10 mud or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gaflonsAnimtte and 0 to 9,000 psi in order to optimally fiU the annular region 
between the tubular member 1310 and the new section 1230 oftfaeweUbom 1200 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper end portion 1356 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidity sealed. The 
seals 1340 may comprise any number of con v r mt in nal o ii i u iiercially available seals 

20 such as, for example, lead, rubber, Tefkra, or epoxy eeals modified in accordance 
with the tearhrngg of the present disclosure. In a preferred embodiment, the se a l s 
1340 comprise seals molded from Btratakck epaxy available from Halliburton 
Energy Services in Dallas, IX in order to optbnally provide a hydraulk 
annulua of the overlapping joint while also creatingoptimalload bearing capahflfty 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictions! force to support the einandedtnbnlar member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wettbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralixers (not illustrated) to help stabilize the tubular member 1310. 
5 lnairrefeTTed6mbodiment,to 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the mtroductm^ 

This mmimixes the possibility of foreign material clogging the various flow 
passages and valves of the apperata 1300 and to m ate ri al 

10 interferes with the crpenskm process. 

The wiper plug 1360 is coupled to the mandrel 1306 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to t^ The wiper plug 1350 may 

comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper phig 1 350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Da llas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a prrfermi >~*™ nr «ftgr r^sMmirng the apparatus 1300 

within the new section 1280 of the weDbore 1200, acxnipleofwellborevohnnesare 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Kg. 11c, a hardenabte fln id ic H ealing material 1380 is then 
pumped from a surface Location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, throu^ tbii fhud passage 137 
30 the interior region 1370 of the tubular member 1310 below the expendable 
mandrel 1305. The material 1380 than passes torn the interior regioni 1370 into 
the fluid passage 1330. The rnaterial 1380 then exits the ar^aratus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 13 10 ai^ 

1200. Continued pumpingof the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
preMures and flow rates ranging, for PTBmpIn, from about 0 to 5000 psi and 0 to 
1,500 gallon a/mm, r e spec tive ly. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at prefigures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallona/min, respectively, in order to optimally 
10 ffUtheaiainilargegto 

of the weilbore 1200 with the h*rd#m«M» ftniHiA sealing material 1380. 

The hardfrnnblc fluidic sealing material 1380 may conrpriae any number of 
conventional common 

for example, slag mix, cement or eposy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1880 comprises blended cements designed 
spedficalfyfartheweUBectionb 

Services in order to optimally provide support for the tubular member 1310 during 

displacement of the material 1380 in the annular region 1390. The optimum blend 

of the cement is preferably determined using conventional wnpiri^) methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial egpanaton of the tubular member 

1310, the annular region 1390 of the new section 1230 of the wellbare 1200 will be 

filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with materials 

into the fluid passage 1320. Tnewrrjer dart 1895 is prefer^ 

fluid passage 1320 by a non hardenabk fluidic material 1381. The wiper dart 1395 

then preferably engages the wiper plug 1360. 

As illustrated in Pig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper phig 1360 causes the wiper plug 1360 to decouple 

from the mandrel 1306, The wiper dart 1396 and wiper phig 1350 then preferably 

wffl lodge in tha fluid passage 1330, thereby b^ 
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passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a pr e f err e d embodiment, the non 
hardenable fhndie material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. During the extrusion process, the expandable mandrel 
1305 la raised out of the «~p""k** portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1895 into the fluid passage 1320 at a surface location 
in a conventional manner. Tht wiper dart 1395 may comprise any number of 
conyentionjdcornnierdaUy 

for example, Multiple Stage Oemanter latch-down plugs, Ome g a lafrh- downphifo 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred ernbodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down phig is available 
from Halliburton Energy Services in Dallas, TX 

After blocking the fluid passage 1330 using the wiper phig 1330 and wft>er 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
ulterior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pd and 0 to 1,600 gaDona/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310iafflfnrmlT*ri 

In aprrferrrf fmH^, ***** Mnriringthe fluid passage 1330. the non 
hardenab le fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangmgnxm approximate^ 
40 to 3,000 galtona/min in order to optimally provide operating pressures to 
SO Tn»;™t*in the expansion process at rates sufficient to permit adjustments to be 
mad e in operating parameters during the extruskm process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for erample, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1306 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, tha type of lubricant, 
the composition of the shoe and tabular menuW, and 
tubular member. Olieoptimnm flow rate and operating pressures are preferably 
determined using conventional m^mmi methods. 
10 During the eitmsion process, the r 

out of the expanded portion of the tubular member 1810 at rates ranging, for 
example, from about 0 to 5 ft/sec. Inapreferredembodhro 
process, the expandable mandrel 1305 n^ 

of th e tubular member 13 1 0 at rates ranging from about 0 to 2 ft/sec in order to 
15 opthnahy provide an efficient process, optimauy permit operator adjustment of 

operation parameters, and ensure optimal completion of the extrusion process 

before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 

off of the expandable mandrel 1806, the outer surfhce of the upper end portion 
20 1355 of the tubular inem^ 

lower end portion ofthe casing 1215 to fom an Ihiidti^orotepping joint Tie 

contact pressure of the overlapping joint may range, far example, from 

approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 

of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimauy provide cont^ 

enough resistance to withstand typical tensile and compressive loads. In a 

particular^ preferred embodiment, the sealing members 1340 wffl ensure an 

adequate fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rato of the nxm 
30 hardanablefhildicmater^ 

mano^lSOSreach^ 

In this manner, the suiien release of pre^ 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
b eginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, m* in fi>mhin ation, « ***** absorber provided in tbft support 
member 1345 in order to absorb the shock caused by the sudden release cf 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a preferred fmihoHimn^ 
the removal of the expandable mandrel 1305, the integrity of the flnidlc seal of the 
15 overlapphigjointbetw^ 

the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidk seal of the overlapping Joint between the upper portion 1356 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 fa then removed In a conventional mann er, The material 1380 within t he annular 
region 1390 is than allowed to cure- 
As Illustrated in Fig llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 uickdes the expar^ed tubular meii^ 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprismg the shoe 1316 may then be 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been d^floibed that m 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel 



-62- 



The irg acting preferably includes injecting a hardenahle fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and anon Wdg™hu> #Ki^ ™«f^ n i frr«™ an interior region of the 
tubular liner below the mandreL The method preferably includes fluidicly 
5 isolating the amralar region famtto 
quantify of the nan hardenable sealing material into the interior region. The 
injecting the hardenahle fluidic eeafing material la preferably provided at 
operatingpressurea and flow rates rangmgn^miaboutOto6000p«andO tol^M 
gnllonnftnrn The iipectingof the non hardenahle fluidic material is preferably 
10 provided at operatfajgpreeaurw 

and 40 to 3,000 gallannfrifn The injecting of the nan hardenahle fluic^ material 
is preferab^ provided at reu\^ 

portion of the extruding. The non hardenahle fluidic material is preferably 

injected bebw the mandreL Tl»methc4prefeT*hryu^^ 
15 of the tubular liner below the mandreL The region rf the tubular 

mandrel is preferab^preaaurised to presuxesran^ngfram about 500 to 9,000 psi. 

The method preferably include* fluidicly isolating an interior region of the tubular 

liner from an exterior region of the tubular liner. The method further preferably 

indudes curing the hardenabk 
20 of the cured s e a lfng mat erial located within the tubular liner. The method further 

Preferably includes overlapping the tabular liner with an existing weflbore casing 

The method further preferably includes sealing the overlap between 

liner and the existing wellbore casing. The method further preferably includes 

supporting the extruded tubular linOT using the overlap with 
25 casing. The method further pref 

the overlap between the tubular liner and the existing wellbore casing. The 

method flutter preferably indudes removing ai least a r^ 

fluidksealingmaterial within the tubular hW before orring. The method further 

preferably includes lub ricatin g the surface of the mandreL The method further 
30 preferably includes absorbing shock. The method further preferably includes 

catching the mandrel upon the enTupl^on of the fTrt r«*mg 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and mdudeaaaecond fluid passage. 

5 The tubular member is coupled to the mandrel Ito shoe is cnupled to the tubular 
liner and inclndfis a third fluid passage. The first, second and third fluid passages 
ere operabrj coupled. The support member preferabr/ farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. Tbe support member preferably incr utoo n a or more sealing niambera 
adapted to prevent foreign material from entering an interior r^km of the tubcto 
member The mandrel la preferably expandable. The tubular member is 
prefersbry fabricated from 

Country Tubular Goods, 13 chromium gteel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ran g ing from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 pai. The tubular 
member preferably includes one or more sealing members at an rad portion. The 
tubular member preferably includes one or more pressure relief boles at an end 
20 portion. The tubular member preferabr/ includes a catching member at an aid 
portion for slowing down the mandreL TheshoeprefeTaMyini^desanmlet^ 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable, 

A pv^y^ ra ining ft PA<vmri hiVmlar member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes pos itioning a 
mandrel within an interior region of the ■econd tubular member, positioning the 
grat and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 Becond tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of tha interior region of the second 
tubular member is preferably provided at operating pressures ranging from about 
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600 to 9,000 psL The pressurising of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tfcemethod further preferably mctodes 
sealing the overlap betwe^ The method 

6 farther preferably inc^^ 
the overlap with the second tabular member. The method further preferabty 
includes lubricating tha surface of the rnandreL The method further 
includes absorbing shock. 

Aimer for uae in creatinganew section of 
10 formation adjacent to an already existing notion of wellbore casing has been 
described that include* an annular member. The annular member i nchjdes one or 
more aealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that include* a tubular liner and an 
16 armular body a cured C The tubular lmer is forined by tlw 

process of extruding the tubular liner off of a mandrel The tabular liner iff 
preferably formed by the proc^ 

tha wellbore, and pressurizing an interior portion of the tubular fi ner . The 
annular bo<y of the cured flrridfc sealing znaterial is preferably formed by the 
20 process of injecting a hoAy ofhardenable fluldic tiling ^mnw 
region external of the tubular liner. During the pressurizing, the mterior portion 
of the tubular liner is prefer^ 

tubular liner. The interior portion of the tabular Kner is prelerar^ 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overiape with an existing*^ 
includes a seal positional 

wellbore casing. Tubular liner ia preferabry supported the overlap with the 
existing weHbore casing. 

A method of repairing an existing section of a wellbore caaing within a 
SO borehole has bean described that fnrfmiim ™«*»iKw, e ■ ^ } \ nr ifaOT jmd amandrd 
within the wellbore caaing. miectinp a bofo of » fluids m q f^ n j j ntfr the borehole, 
pressurising a portion of an mterior region of the tabular liner , and radially 



-66- 



expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidfc material is select 

of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes Guidicry isolating an interior region of the tubular liner 

5 from an exterior region of the tabular liner. In a p r efe rred embodiment, the 
iTyrtmg fff jb» krAj offlcddiC TH***™* 1 r™"™*«** «t Operating pressures and flow 
rates ranging from about 500 to 9,000 pa and 40 to 3,000 gallons/min. In a 
preferred embodiment, the injecting of the body of Guidk material is provided at 
reduced operating pressureg and flo wrate adnringanend portion of the extruding. 

10 In a preferred embodiment, the fhiidic materkl ia injected below the mandreL In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurised. In a preferred embodiment, the regM 

mandrel is pressurired to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tabular liner 

16 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interlace between the tabular liner and the existing wellbore 
casing In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further mchidra testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a pr e f erred embodiment, the 

26 method ffrww includes ffipqn^"g the nmnilrel in a radial direction. 

A tie-bach liner for lining an existing wellbore casing has been described 
thai includes a tubular liner and an annular body of a cured ftuidic sealing 
material The tubular Hner is formed by tlm 

off of a mandreL The flnnn1«r body of a cured fluidic sealing material is coupled 
80 to the tubular liner. In a preferred embodiment, the ta 

process of placing the tubular liner and mandrel within the wellbore, and 
pressuriring an interior portion ofthe tubular Hner. In a preferred embodiment, 



-66- 



(taring the pressuririxtg, the int^ 

from ad exterior portion of the tubular liner. In a preferred emb odim e n t, the 
interior portioned the tubular Una 

500 to 9,000 paL In a preferred embodiment, the annular bc^ of a cured fluidk 
5 sealing material is formed bv the process of mjecting a body nf K^rH^bte ftndic 
eealing material into an annular regkm between the existing wellbcm 
the tubular liner. In a preferred embodiment, the tubular lin^r overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further inemdea a seal poaitumedmth^ overlap between 
10 other existing wdlbore cuing. In a preferred embodiment, tubular liner ia 
girpported by the overlap with the other exiitiiujwttlmore casing 

An apparatus for expanding a tubular member baa been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. Hie mandrel ia coupled to the 
15 support member. The mandrel includes a second fluid passage operablv coupled 
to the first fluid passage, an mtem^ The interior 

portion of the mandrel is drillable. Hie tubular member Is coupled to the mandr el 
The shoe is coupled to the tubular member. Ilia shoe includes a third fluid 
passage operablv coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of theahoeinctadasatubu^ 
bearing member. Preferably, the load bearm g mann er comprises a drillable body. 
Preferably, the exterior portion of the mandrel «™nprfffttB an expansion cone. 
Preferably, theexpanalon kfai*.*-^ from matmnfa selected from tho group 
conaistingof tool steel, tttaninm, and ceramic Preferably, the expansion cone has 
a surf^ hardness ranguig Preferably at least a 

portion of the apparatus ia dr illable. 

Alfihougi fltastratrve embodiments of the invention w» mhn^ an A 
described, a wide range of modifimHon, changes and substitution ia contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it ifl appropriate tha* the appended dain^ 
in a manner consistent with the scope of the invention- 



Claim* 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 injecting finidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubul&r liner; and 

6 radially expanding at least a portion of the liner in the borehole by 
r extruding at least a portion of the liner off of the mandreL 

12. A method of creating a caring In a borehole located In a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 
6 casing; 

6 placing a tabular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the already existing casing ; 

9 injecting a hardenable fhiidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flqidlcfr isolating t he annular region betwem the tabular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable finidic material into the interior region or the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenable fluidk sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fhudic hardenable fluidk sealing 

materi al; and 
removing at leart a portion of the 

within the tabular liner . 

An apparatus for expandin g a tabular member, comprifrin g: 

a support member, the support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel mduding: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular liner, the a^ 

wherein the first, second and third fluid passages are operab ly coupled. 

An apparatus for expanding a tabular member, comprising: 
a support member, the support member i n c lu d ing : 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid paasagos; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid 
passage; 

a tubular mernber coupled to the ma 
one or more sealing dements; 
a shoe coupled to the tubular member, the shoe mdnding : 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member, and 
one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joiningaaecond tubular m 

2 first tubrdar member h 

3 the second tubular member, oonmriaing: 

4 positioning a mandrel within an interior region of the second tubular 
6 member; 

6 preaaurkinga portion of the interior regkm of the second tubular menm^ 

7 and 

3 extruding the second tubular mernberofTof the mandrel mtoe 
9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an aimnlar member, frhfr annular r^ fr^bgr™^"^"^ 

5 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief pa^ 

6 member. 

1 7. A wellbore casing, comprising; 

2 a tubular liner, the tubular liner formed by the procea of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular bocry of a cured fhiidic sealing material coupled to the tubular 
6 liner. 

1 8. A tie- back l ine r for fining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner fimned by the process of: 

3 fTtrnrfin g at leastaportion of the tubular lmeroffofa mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 
6 liner. 
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An apparatus for expanding a tubular member, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drDlabk; 
an BtpandM e tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillabie. 
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